Introduction: To study the utility of glycated hemoglobin (HbA1c) in the diagnosis of diabetes in patients with cirrhosis as compared to the gold standard oral glucose tolerance test (OGTT) and to see the effect of anemia and severity of cirrhosis on its performance. Methods: Individuals (n = 100) with an established diagnosis of liver cirrhosis were recruited. The OGTT was performed as described by the World Health Organization (WHO). The
INTRODUCTION
Liver cirrhosis is a pathologically defined disease [1] . Histologically it is characterized by diffuse nodular regeneration surrounded by dense fibrotic septa. Subsequent parenchymal extinction and collapse of liver structures together cause pronounced distortion of hepatic vascular architecture [2] . Liver biopsy is the gold standard, but it is not been widely used in clinical practice as it is invasive and susceptible to sampling error and inter-observer discrepancy. Clinical diagnosis is preferentially made on the basis of patient history, physical examination, laboratory and imaging findings. In cases where there is discrepancy among the findings, liver biopsy is helpful for a definitive diagnosis of cirrhosis [1] . Hepatitis C virus, alcohol misuse, non-alcoholic fatty liver disease are the main causes of cirrhosis in developed countries, whereas infection with hepatitis B virus is the most common cause in sub-Saharan Africa and most parts of Asia [2] .
Cirrhosis is the fourteenth most common cause of death worldwide and results in approximate 1.03 million deaths per year worldwide [3] . Diabetes is an independent factor for poor prognosis in patients with cirrhosis. Specifically, diabetes is associated with the occurrence of major complications of cirrhosis, including ascites, renal dysfunction, hepatic encephalopathy and bacterial infections. Diabetes is also associated with an increased risk of hepatocellular carcinoma and mortality in patients with chronic liver diseases [4] .
Diabetes is a disorder of chronic hyperglycemia and has traditionally been subdivided into type 1 diabetes (with autoimmune destruction of insulin-secreting b cells) and type 2 diabetes (T2DM; with insulin resistance and features of metabolic syndrome) [5] . The fasting plasma glucose (FPG) test, 75 g oral glucose tolerance test (OGTT), measurement of random plasma glucose or glycated hemoglobin (HbA1c) values are four methods used to diagnose diabetes [6] . The global epidemic of diabetes mellitus and its complications pose a major health threat worldwide [7] . Diabetes mellitus is the ninth major cause of death [8] . The International Diabetes Federation (IDF) estimated that worldwide one in 11 adults aged 20-79 years (415 million adults) had diabetes mellitus in 2015. This estimate is projected to rise to 642 million by 2040. China and India are the top two epicenters [9] . Genetic predisposition partly determines individual susceptibility to T2DM, but an unhealthy diet and a sedentary lifestyle are important drivers of the current global epidemic. Early developmental factors (such as intrauterine exposures) also have a role in susceptibility to T2DM later in life [7] .
Disorders of glucose metabolism, namely glucose intolerance and diabetes, are frequent in patients with chronic liver diseases. The prevalence of diabetes is higher in patients with cirrhosis than in those without cirrhosis [10] . In patients with cirrhosis, disorders of glucose metabolism range from mere glucose intolerance to overt diabetes. It is estimated that only 30% of these patients have normal glucose tolerance, with 30-50% having impaired glucose tolerance and up to 30% having overt diabetes. These values are much higher than those in the general population, where the prevalence of glucose intolerance is around 15% and that of diabetes is 8%. In patients with cirrhosis, diabetes can either be the classical T2DM or the socalled hepatogenous diabetes, i.e. a consequence of liver insufficiency and portal hypertension [4, 10] . Cirrhosis is associated with portosystemic shunts as well as reduced hepatic mass, both of which can impair insulin clearance by the liver, contributing to peripheral insulin resistance through insulin receptor downregulation. Moreover, cirrhosis is associated with increased levels of advanced glycation endproducts and hypoxia-inducible factors, both of which may play a role in the development of diabetes [4] .
HbA1c measurement is used in the routine evaluation and management of patients with diabetes [6] . In 2016, Nadelson et al. reported that HbA1c is an unreliable indicator of glycemic control in patients with cirrhosis due to the high prevalence of concomitant anemia in these patients [11] . The data in this study originated from studies performed prior to the adoption of HbA1c as one of the diagnostic criteria for diabetes and suggest that HbA1c values are lower than expected and are not reliable indicators either for diagnosis or the management of diabetes [12] [13] [14] [15] [16] . Hence it was recommended that the OGTT be used for diagnosis and that monitoring should be done on the basis of blood glucose or fructosamine values. Orsi et al. [10] reviewed all studies pertaining to diagnosis of diabetes in patients with cirrhosis. These authors found that out of nine studies, only two diagnosed diabetes on the basis of HbA1c measurement, and none compared the efficacy of HbA1c measurement and the OGTT [17, 18] . Therefore, there remains an important knowledge gap in the available literature in that the performance of the current recommended cutoff of HbA1c (6.5%) for diagnosis of diabetes has not been evaluated against that of OGTT as the gold standard [4, [11] [12] [13] [14] [15] [16] [17] [18] .
The aim of this study was to evaluate the utility of HbA1c measurement as compared to the OGTT for the diagnosis of diabetes in patients with cirrhosis. We also studied the effect of anemia and severity of liver disease on the diagnostic utility of HbA1c and separately analyzed the results for outpatients and those admitted to the hospital. Apart from the prevailing knowledge gap in literature, the rationale behind the study was that all cirrhotic patients may not behave in the same manner. There may be certain subgroups where HbA1c may have optimal sensitivity and specificity for the diagnosis of diabetes, and thus its measurement may serve as an important diagnostic tool. This possibility is all the more important when the fact is considered that all cirrhotic patients may not be in a position to undergo OGTT or may not prefer the OGTT for diagnosis of diabetes.
METHODS
A ''convenient sample'' of 100 liver cirrhosis patients were enrolled in this cross-sectional prospective study from the inpatient (IPD) and outpatient departments (OPD) of Internal medicine, Government Medical College and Hospital, Chandigarh, between October 2013 and April 2015. Patients unable to undergo the OGTT or those with a history of gastrointestinal bleed/blood transfusion were excluded, as were patients with known diabetes. The study was approved by ethics committee. All procedures performed were in accordance with the ethical standards of the institutional research committees of the participating hospital and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.
The diagnosis of cirrhosis was made by a gastroenterologist (AS, AJ) on the basis of clinical spectrum, substantiated by ultrasonography of liver (irregular and nodular liver; other findings include small and shrunken liver, splenomegaly) and presence of complications of cirrhosis, including ascites, sepsis, variceal bleeding, encephalopathy and non-obstructive jaundice [2] . The severity of chronic liver disease (CLD) was calculated using Child-Turcotte-Pugh (CTP) scores [19] . The severity of anemia was defined according to World Health Organization (WHO) criteria, including the recommendations for adult men and adult non-pregnant women [20] . The in-patients underwent investigations when in a stable condition before discharge.
The OGTT was performed as described by the WHO guidelines [21] . Blood glucose was analyzed using the glucose oxidase peroxidase method in a Modular P800 analyzer (Roche Diagnostics, Mannheim, Germany) using colorimetric method. HbA1c was measured using the turbid metric inhibition immunoassay, utilizing Roche kits in a Modular P800 analyzer.
Individuals were classified as being normoglycemic (FPG \5.6 mmol/L and 2-h plasma glucose \7.8 mmol/L), having prediabetes (FPG = 5.6-6.9 mmol/L and/or 2-h plasma glucose = 7.8-11 mmol/L) or having diabetes (FPG C 7 mmol/L and/or 2-h plasma glucose C 11.1 mmol/L) [6] . The performance of the HbA1c measurement was assessed against OGTT criteria for diagnosis of diabetes.
Statistical analysis was carried out using STATA 12.0 (StataCorp LP, College Station, TX). Data were presented as the number with percentage or as the mean ± standard deviation (SD) with the median and range, as appropriate. Test sensitivity and specificity were used to describe the diagnostic accuracy of HbA1c. Receiver operating characteristic curves were generated to determine the optimal sensitivity and specificity, and the area under the curves (AUC) were compared using the Chi-square test. Significance levels were set at p\0.05.
RESULTS
A total of 100 subjects with an established diagnosis of liver cirrhosis participated in the study, of whom 65% were recruited from the OPD. The mean (± SD) age was 46.9 ± 9.1 years, men accounted for 90% of the subjects and 90% of the subjects were anemic. The mean hemoglobin level was 10.3 ± 2.2 g/L. Regarding the CTP class, 22.7% were in CTP class A and 35.1% were in CTP class C. The prevalence of diabetes was 35% [95% CI 25.7-45.2%]; 23% were normoglycemic and 42% had prediabetes based on the OGTT results. The etiology for 80.2% of patients with cirrhosis was alcohol, with hepatitis B virus responsible for 5.9% of cirrhosis cases, hepatitis C virus for 4.0%, alcohol and hepatitis B for 6.9%, alcohol and hepatitis C for 2.0% and combined hepatitis B and C infection for 1.0% of cases. In terms of comorbidities, 69% of subjects had ascites, 19% had spontaneous bacterial peritonitis, 32% had esophageal-gastric varices and 19% had a history of hepatic encephalopathy. Of the 35 patients diagnosed with diabetes, five had isolated abnormalities in the FPG test, nine were detected only with the 2 h value on the OGTT test and 21 had abnormal values for both tests. The important characteristics of patients with and without diabetes are presented in Table 1 . 
Effect of Severity of Cirrhosis on the Diagnostic Utility of HbA1c for Diabetes
No trend was noted for sensitivity and specificity for severity of chronic liver disease as depicted in Table 2 . The specificity was comparable in all CTP classes. The sensitivity was less in CTP class B than in CTP classes A and C. The prevalence of diabetes in our study was 35%, which is comparable to the prevalence reported in other studies, namely, 6.3-57.2%, with the majority of studies reporting a prevalence of between 32 and 37.5% [10, 11] . The general prevalence of diabetes in the region is 13.6% [22] .
HbA1c in diabetes mellitus is considered to be a reliable test to assess chronic glycemia and is recommended for both the diagnosis and monitoring of the disease. However, it is considered to be neither accurate nor reliable in patients with cirrhosis due to the various kinds of anemia common in liver disease [23] . Cacciatore et al. used the OGTT on patients with cirrhosis and found that 27% had diabetes [12] . However, these authors also found that HbA1c levels were not statistically different between the cirrhotic patients (with normal or altered glucose tolerance) and the control subjects, leading them to conclude that HbA1c is an unsatisfactory test for the diagnosis of altered glucose tolerance in patients with cirrhosis and that cirrhosis itself represents a risk factor for the development of alterations in glucose metabolism. Therefore, routine oral glucose tolerance testing is warranted in these patients [12] . Nomura et al. compared HbA1c levels and other measures of blood glucose control in a cirrhosis (LC) and healthy control (N) group with patients with diabetes mellitus (DM) or patients with chronic hepatitis (CH) without evidence of cirrhosis [13] . HbA1c levels and the mean values of FPG for the past month were compared and were as follows: LC group, 6.40 ± 0.36% (mean ± standard error of the mean) and 130 ± 20 mg/dL, respectively; DM group, 10.29 ± 0.45% and 172 ± 11 mg/dL, respectively; CH group, 10.70 ± 0.86% and 176 ± 21 mg/dL, respectively; N group, 6.52 ± 0.11% and 83 ± 1 mg/dL, respectively. The important finding in the study was that HbA1c in the LC group was similar to that in the N group, although the FPG in the former was higher (p \ 0.05). HbA1c in the LC group was lower than that in DM or CH groups in spite of these patients having equivalent glucose intolerance. These results led the authors to suggest caution in the interpretation of HbA1c levels in hepatic cirrhosis [13] . Trenti et al. compared serum fructosamine and HbA1c levels in 98 cirrhotic patients with those of normal controls [15] . The mean HbA1c values of cirrhotic patients with normal glycemic control were significantly lower than normal, and only a few cirrhotic patients with diabetes showed high values of HbA1c, indicating that HbA1c is often underestimated in these patients. To the contrary, serum fructosamine levels were on average higher than normal in nondiabetic patients, but they were significantly higher in diabetic patients than in nondiabetics. The authors concluded that in diabetic patients with liver cirrhosis fructosamine seems to be a more suitable test than HbA1c for monitoring blood glucose levels [15] . Orsi et al. [10] , reviewed all studies pertaining to the diagnosis of diabetes in patients with cirrhosis. In their review, two studies diagnosed diabetes on the basis of HbA1c, but none compared its utility against OGTT [17, 18] . In our study, the direct comparison of HbA1c values with those of previous studies was difficult, but these previous data strongly indicated that HbA1c may not be an appropriate measure for the diagnosis or monitoring of patients with diabetes.
The prevalence of anemia was 90% in our study population. The presence of moderate to severe degree of anemia affected the performance of HbA1c in our study as described in ''Results''. In a recent systematic review, English et al. found that HbA1c is likely to be affected by iron deficiency anemia (IDA), possibly resulting in a spurious increase in HbA1c values and that non-IDA may lead to decreased HbA1c values [24] . Overall only two studies (both in non-CLD subjects) were identified in their systematic review which analyzed the prevalence of diabetes by OGTT-based criteria and HbA1c-based criteria taking anemia into account [17, 18] . The current study therefore adds significantly to the knowledge gap in this area. In a study was from India, Hardikar et al. [25] investigated a population of young Indian subjects, among whom 30.8% had vitamin B12 deficiency, 15% had folate deficiency and 30% had multiple nutrient deficiencies. In the multivariate analysis, B12 and folate were not significantly related to HbA1c levels. The authors postulated that where mixed nutrient deficiencies are observed, the combination of pathologies will lead to variable and unpredictable effects on HbA1c levels depending on the relative degree of each nutrient deficiency [25] .
The prevalence of diabetes was 35.4 and 34.3% in outpatients and inpatients, respectively, indicating that hospitalized patients with CLD can undergo OGTT when they are stable and ready for discharge. Stress hyperglycemia may not significantly alter the results in such patients.
The prevalence of moderate to severe anemia was 53.8% in the subjects from the OPD and 63.6% in the hospitalized patients. This may be one of the reasons underlying the better performance of HbA1c in OPD subjects, as discussed in the ''Results''. We did not find any significant differences between different degrees of severity of liver disease.
Our study has its strengths and limitations. The major strength of the study is that it adds new information in multiple domains. The evaluation of HbA1c as compared to OGTT taking into account the degree of anemia has been evaluated for the first time. Since there are specific advantages to HbA1c testing, this study adds vital piece of information on its utility in patients with cirrhosis. One of the major limitations of our study is that is was a single-center study with a sample size of 100 patients. Due to this small sample size, the effect of different etiologies of cirrhosis and different etiologies of anemia could not be evaluated. The effect of gender and the effect of different complications also could not be evaluated. The results need to be substantiated in a larger study.
Future studies should try to address the above limitations. An aspect which also needs to be explored in future studies is the incidence of diabetes and predictive value of HbA1c for future diabetes in patients with cirrhosis.
To summarize, taking OGTT as the gold standard, we found that the sensitivity of HbA1c was good when used in outpatients with cirrhosis. We noted that the sensitivity decreased when HbA1c was used for hospitalized patients, suggesting that it is not a good test for diagnosis of diabetes in such cases. It also performed poorly if the patient had moderate to severe anemia. research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study. Ethics committee approval was taken for this study.
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